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mounted on a first metal base plate to be a heat dissipation
plate, and a second semiconductor element having a junction
electrode to be connected to a second node of the bidirectional

Switch circuit is mounted on a second metal base plate to be a
heat dissipation plate. The junction electrode of the first semi
conductor element has the same potential as that of the first
metal base plate, and the junction electrode of the second

semiconductor element has the same potential as that of the
second metal base plate. Also, the respective metal base plates
and non-junction electrodes of the respective semiconductor
elements are connected by metal thin wires, respectively,
thereby configuring the bidirectional switch circuit.
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thereof is lower than that of a ceramic substrate, the dissipa
tion effect of heat generated in the semiconductor elements

BDIRECTIONAL SWITCH MODULE

deteriorates.

CROSS-REFERENCE TO RELATED
APPLICATION

The application is a continuation of U.S. application Ser.
No. 1 1/965,808, filed Dec. 28, 2007, now U.S. Pat. No. 7,750,

463, and which application claims priority from Japanese
Patent Application No. JP 2006-353699 filed on Dec. 28,
2006, the contents of which are hereby incorporated by ref
erence into this application.
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BACKGROUND OF THE INVENTION

The present invention relates to a power semiconductor
module obtained by combining several power semiconductor
chips such as diodes, transistors and the like. More particu
larly, it relates to a bidirectional switch module that can
supply electric current bidirectionally.
In electric power conversion devices Such as an inverter
that inverts DC voltage obtained by rectifying and Smoothing
AC power source to convert it into AC of an arbitrary fre
quency and a matrix converter that directly converts AC of a
certain frequency into an arbitrary frequency, a bidirectional
switch that can supply electric current bidirectionally is used
(for example, Japanese Patent Application Laid-Open Publi
cation No. 2001-45772 (Patent Document 1)). Further, also in
a flat display apparatus (hereinafter, referred to as "plasma
display apparatus) using an AC plasma display panel (here
inafter, abbreviated as “PDP), a bidirectional switch is used
in its power recovery circuit (for example, Japanese Patent
Application Laid-OpenPublication No. 2005-316360 (Patent
Document 2)).
In the apparatus using the bidirectional Switch mentioned
above (for example, plasma display apparatus), from the
viewpoint of cost reduction by shortening the manufacturing
man-hours and reducing the Substrate size, the modulariza
tion of the bidirectional Switch has been desired.

The power semiconductor module technologies used in
modularizing the bidirectional switch and others are dis
closed in, for example, Japanese Patent Application Laid
Open Publication No. 10-163416 (Patent Document 3) and
Japanese Patent Application Laid-Open Publication No.
2001-358244 (Patent Document 4).
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The present invention has been made in consideration of
the problems mentioned above, and accordingly, an object of
the present invention is to provide a technology capable of
reducing the cost while maintaining preferable heat conduc
tivity.
A bidirectional Switch module according to the present
invention for achieving the above-mentioned object is a bidi
rectional switch module having abidirectional switch circuit
in which a plurality of semiconductor elements are combined
and a current can flow bidirectionally, the bidirectional switch
module comprising: at least one or more metal base plates to
be heat dissipation plates; a first semiconductor element hav
ing a junction electrode to be connected to a first node of the
bidirectional switch circuit and mounted on the metal base

plate; and a second semiconductor element having a junction
electrode to be connected to a second node of the bidirectional

25

Switch circuit and mounted on the metal base plate, wherein
the junction electrodes of the first and second semiconductor
elements have the same potential as that of the metal base
plate, and the metal base plate and non-junction electrodes of
the semiconductor elements are respectively connected by
metal thin wires, thereby constituting the bidirectional switch
circuit.
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Thus, according to the present invention, the metal base
plate is constituted of one or more metal base plates, and
semiconductor elements constituting a bidirectional Switch
circuit and having junction electrodes of the same potential
connected to each of the nodes are directly mounted via the
junction electrodes on the respective metal base plates corre
sponding to each of the nodes, thereby realizing the bidirec
tional Switch circuit. Accordingly, without using the conven
tional module technologies in which the semiconductor
element chips are mounted on the wiring layer via an insu
lating Substrate, a plurality of semiconductor elements con
stituting the bidirectional Switch circuit can be mounted on a
plurality of metal base plates.
As described above, according to the present invention,
since an insulating Substrate and a wiring layer are not used,
it is possible to reduce the cost. Further, since no insulating
Substrate is provided, heat conductivity is improved, and the
reliability of semiconductor elements is enhanced.
BRIEF DESCRIPTIONS OF THE DRAWINGS

SUMMARY OF THE INVENTION

Incidentally, as described in Patent Documents 3 and 4, the
conventional power semiconductor module is generally con
stituted of a metal base plate that diffuses heat generated in a
semiconductor element, a wiring layer on which a wiring
pattern for mounting a semiconductor element chip thereon is
formed, and an insulating Substrate that insulates the wiring
layer and the metal base plate. As the insulating Substrate, a
ceramic Substrate made of for example, alumina and alumi
num nitride, a resin insulating layer made of for example, an
epoxy resin and others are known.
When the conventional module technology in which the
semiconductor element chips are mounted on the wiring layer
via an insulating Substrate is applied to abidirectional Switch

50
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bidirectional switch;

FIG. 3B is a configuration diagram schematically showing
a cross section of a semiconductor element constituting a

circuit with a small number of semiconductor elements, since

the insulating Substrate and the wiring layer formed thereon
are used, the cost increase is caused. Further, when an insu

lating Substrate of an inexpensive resin insulating layer is
used in order to reduce the cost, since the heat conductivity

FIG. 1A is a diagram showing a circuit configuration of a
bidirectional Switch according to the present invention;
FIG.1B is a diagram showing another circuit configuration
of a bidirectional Switch according to the present invention;
FIG.1C is a diagram showing another circuit configuration
of a bidirectional Switch according to the present invention;
FIG.1D is a diagram showing another circuit configuration
of a bidirectional Switch according to the present invention;
FIG. 2 is a circuit diagram of abidirectional switch accord
ing to a first embodiment of the present invention;
FIG. 3A is a configuration diagram schematically showing
a cross section of a semiconductor element constituting a
bidirectional switch;

65

FIG.3C is a configuration diagram schematically showing
a cross section of a semiconductor element constituting a

bidirectional switch;

US 8,039,954 B2
4
ductor switches (hereinafter, referred to as “inverse-parallel
connection') as shown in FIG. 1A and FIG. 1B. Note that the
bidirectional switch of FIG.1B has the configuration in which

3
FIG. 4 is a configuration diagram showing a principal part
of the bidirectional switch module according to the first
embodiment of the present invention;
FIG. 5 is a diagram schematically showing the cross sec

the directions of the semiconductor elements in the bidirec
tional switch of FIG. 1A are inverted. The other is a second

tion of a second semiconductor Switch and a second diode

mounted on a second metal base plate in FIG. 4;
FIG. 6 is a circuit diagram of a bidirectional switch accord
ing to a second embodiment of the present invention;
FIG. 7 is a configuration diagram showing a principal part
of the bidirectional switch module according to the second
embodiment of the present invention;
FIG. 8 is a circuit diagram of a bidirectional switch accord
ing to a third embodiment of the present invention;
FIG. 9 is a configuration diagram showing a principal part
of the bidirectional switch module according to the third
embodiment of the present invention;
FIG. 10A is a circuit diagram of a bidirectional switch
according to a fourth embodiment of the present invention;
FIG. 10B is a circuit diagram of the bidirectional switch
according to the third embodiment for comparison;
FIG.11 is a configuration diagram showing a principal part
of the bidirectional switch module according to the fourth
embodiment of the present invention;
FIG. 12 is a circuit diagram of a bidirectional switch
according to a fifth embodiment of the present invention; and
FIG. 13 is a configuration diagram showing a principal part
of the bidirectional switch module according to the fifth
embodiment of the present invention.
DESCRIPTIONS OF THE PREFERRED
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying draw
ings. Note that components having the same function are
denoted by the same reference symbols in all the drawings,
and the repetitive description thereof is omitted.
A bidirectional Switch module according to an embodi
ment of the present invention is characterized in that semi
conductor elements are directly mounted on a metal base
plate serving as a heat dissipation plate without using an
insulating Substrate and a wiring layer having a wiring pattern
formed thereon. In this case, since the metal base plate and the
semiconductor element are directly electrically connected,
the metal base plate has the potential equal to that of the
junction electrode of the semiconductor element connected to
the metal base plate. Therefore, the metal base plate is con
stituted of at least one or more metal base plates, and a
plurality of semiconductor elements having junction elec
trodes of the same potential are mounted on each of the metal
base plates. Then, the respective semiconductor elements are
connected by metal thin wires (for example, bonding wires),
so that a bidirectional Switch circuit is configured as a whole.
FIG. 1A to FIG. 1D show circuit configurations of the
bidirectional switches according to the embodiments of the
present invention. As shown in FIG. 1A to FIG. 1D, the
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group in which the first semiconductor switch Q1 and the first
diode with the same polarity are connected in series (herein
after, referred to as “normal-series connection'), and the sec
ond semiconductor switch Q2 and the second diode in the
normal-series connection with the polarity inverse to that of
the first semiconductor switch Q1 and the first diode are
connected in parallel to the first semiconductor switch Q1 and
the first diode as shown in FIG. 1C and FIG. 1D. Note that the
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bidirectional switch of FIG. 1D has the configuration in
which the directions of the semiconductor elements in the
bidirectional switch of FIG. 1C are inverted.

Hereinafter, the modularization of the respective circuits
according to the embodiments of the present invention will be
described. Although the descriptions will be made below
based on the case of using an IGBT (Insulated Gate Bipolar
Transistor) as the semiconductor Switch, the present inven
tion is not limited to this, and an MOSFET (Metal Oxide
Semiconductor Field Effect Transistor) or a transistor may be
employed. In addition, in the case where an IGBT is replaced
with, for example, a MOSFET, a collector electrode C corre
sponds to a drain electrode D, and an emitter electrode E
corresponds to a source electrode S.
First Embodiment

First, the bidirectional switch of FIG.1A will be described.
FIG. 2 is a diagram showing the circuit of the bidirectional
switch according to the first embodiment, in which FIG. 1A is
shown again.
As shown in FIG.2, in the bidirectional switch according to
the present embodiment, between the X and Y terminals, the
first semiconductor switch Q1 on the X terminal side and the
second semiconductor Switch Q2 are disposed in the inverse
series connection by their emitter electrodes, and the first
diode Di1 and the second diode Di2 are disposed in the
inverse-parallel connection with the semiconductor Switches
Q1 and Q2, respectively.
In order to control the semiconductor Switches, the gate
electrode G of the first semiconductor switch Q1, the gate
electrode G of the second semiconductor switch Q2, and
emitter electrodes E of the first semiconductor switch Q1 and
the second semiconductor switch Q2 are extended to the
outside and connected to a G1 terminal, a G2 terminal, and a
COM terminal, respectively.
Herein, for simplifying the following descriptions, the con
nection point (intersection point) of the circuit elements is
referred to as a node. Namely, the connection point of the
collector electrode Cof the first semiconductor switch Q1 and
the cathode electrode K of the first diode Di1 is defined as a

bidirectional Switch includes a first semiconductor Switch

node N1, the connection point of the collector electrode C of
the second semiconductor switch Q2 and the cathode elec

Q1, a second semiconductor switch Q2, a first diode Di1, and
a second diode Di2 connected between both the ends (X
terminal and Y terminal) of the switch. Also, depending on the

the connection point of the first semiconductor switch Q1 and
the second semiconductor Switch Q2 is defined as a node

trode K of the second diode Di2 is defined as a node N2, and
60

combination structure of these semiconductor elements, the

bidirectional Switch can be roughly divided into two groups.
The one is a first group in which the first semiconductor
switch Q1 and the second semiconductor switch Q2 with
inversepolarities are connected in series (hereinafter, referred
to as “inverse-series connection'), and the diodes with inverse
polarities are connected in parallel to the respective semicon

N12.
Note that the IGBT is used here as the semiconductor

65

Switches Q1 and Q2. In the case of using, for example, a
vertical MOSFET in place of the IGBT, since parasitic diodes
in the inverse-parallel connection are formed, there is no need
to dispose the diodes Di1 and Di2 in the inverse-parallel
connection outside the semiconductor element.

US 8,039,954 B2
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Since the operation of the bidirectional switch is well
known, the operation outline thereof will be only described
briefly.
When a current is supplied from the X terminal to the Y
terminal, a Switch drive signal (not shown) is given between

5

G1 and the COM terminal and the first semiconductor Switch

Q1 is turned on. Then, the current flows from the X terminal
side to the first semiconductor switch Q1 and to the second
diode Di2, and is outputted from the Y terminal. On the
contrary, when a current is supplied from the Y terminal to the
Xterminal, a Switch drive signal (not shown) is given between

10

G2 and the COM terminal and the second semiconductor

switch Q2 is turned on. Then, the current flows from the Y
terminal side to the second semiconductor Switch Q2 and to
the first diode Di1, and is outputted from the X terminal. In
this manner, the Switch operation is carried out bidirection
ally.
Next, prior to the description of the principal part of the
present embodiment, the junction electrode of the semicon

15
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base plates are required in the bidirectional Switch according
to the present embodiment because a total of four semicon
ductor elements including two diodes and two semiconductor
Switches are disposed.
Accordingly, the inventors of the present invention have
made efforts to reduce the number of metal base plates, and
have reduced the number of metal base plates by use of the
following circuit characteristics.
More specifically, when attention is paid to the node N1 of
the bidirectional switch, both the cathode electrode K (junc
tion electrode) of the first diode Di1 and the collector elec
trode C (junction electrode) of the first semiconductor switch
Q1 connected to the node N1 are on the side of the node N1.
Further, both the cathode electrode K (junction electrode) of
the second diode Dig and the collector electrode C (junction
electrode) of the second semiconductor switch Q2 connected
to the node N2 are on the side of the node N2. In other words,

electrode Kof the diode is formed on the entire surface of one

when a plurality of semiconductor elements (for example,
first semiconductor switch Q1 and first diode Di1) connected
to one node (for example, node N1) are connected to the node
via the junction electrodes thereof, the semiconductor ele
ments can be mounted on one metal base plate via the junction
electrodes thereof (details thereofwill be described later with
reference to FIG. 4). By this means, it becomes possible to
reduce the number of metal base plates to two (in other words,
it is possible to optimize the number of metal base plates), and
in addition to the effect of using no insulating Substrate and
conductive layer, the further cost reduction can be achieved.
Next, the principal part of the first embodiment according
to the present invention will be described.
FIG. 4 is a configuration diagram showing a principal part
of the bidirectional switch module according to the first

end Surface of a diode chip, and the anode electrode A is
locally formed on the other end surface thereof. Further, the

which semiconductor elements are mounted on two metal

ductor element in the case where the semiconductor element

is directly mounted on the metal base plate serving as a heat
dissipation plate will be described with reference to FIG. 3.
FIG. 3A to FIG. 3C are configuration diagrams schemati
cally showing the cross sections of semiconductor elements
constituting abidirectional switch. FIG.3A is a configuration
diagram of a diode, FIG. 3B is a configuration diagram of a
vertical MOSFET, and FIG.3C is a configuration diagram of
an IGBT. Since the operation principle of these semiconduc
tor elements is well-known, the description thereof is omitted

25

here.

30

As is apparent from FIG. 3A to FIG. 3C, the cathode
drain electrode D of the vertical MOSFET is formed on the

embodiment. In FIG. 4, a bidirectional switch module in
35

entire Surface of one end Surface of the chip, and the Source
electrode S and the gate electrode Gare locally formed on the
other end surface thereof. Furthermore, similarly, the collec

semiconductor switch, an IGBT is used here. It is needless to

tor electrode C of the IGBT is formed on the entire surface of

one end surface of the chip, and the emitter electrode E and
the gate electrode G are locally formed on the other end
surface thereof. Therefore, in general, the metal base plate

40

electrode K, and the metal base plate and the MOSFET are
45

in the case of IGBT, the metal base plate and the IGBT are
connected on the surface of the collector electrode C. For the

convenience of descriptions, the electrode connected to the
metal base plate of the semiconductor element is referred to as
junction electrode' (also referred to as surface electrode). In
other words, the junction electrode with the metal base plate

50
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base plate having the potential corresponding to the node N12
is present.
Specifically, the first semiconductor switch Q1 and the first
diode Di1 are mounted on the first metal base plate 101, and
the second semiconductor Switch Q2 and the second diode
Di2 are mounted on the second metal base plate 102. Note
that the reference number 135 denotes a mounting area of
semiconductor elements.

60

trodes of semiconductor elements are different, a number of

metal base plates corresponding to the number of different
potentials are required. Accordingly, when the semiconductor
element and the metal base plate are arranged simply in a
one-by-one manner, as is apparent from FIG. 2, four metal

plates include a first metal base plate 101 that mounts semi
conductor elements whose junction electrodes are arranged
on the side of the node N1 and has the potential corresponding
to the node N1, and a second metal base plate 102 that mounts
semiconductor elements whose junction electrodes are
arranged on the side of the node N2 and has the potential
corresponding to the node N2. Note that, since no semicon
ductor element whose junction electrode is arranged on the
side of the node N12 is connected to the node N12, no metal

is the cathode electrode K in the diode, the drain electrode D
in the MOSFET, and the collector electrode C in the IGBT.

Next, the number of metal plates serving as heat dissipation
plates will be described.
Incidentally, when modularization in which semiconduc
tor elements are directly mounted on the metal base plate
without using the insulating Substrate is considered, the metal
base plate has the potential equal to that of the junction
electrode (for example, cathode electrode K, drain electrode
D and collector electrode C) of the semiconductor element to
be mounted. Therefore, if the potentials of the junction elec

mention that an MOSFET or a bipolar transistor may be used
in place of the IGBT. Note that the bidirectional switch mod
ule is packaged into a semiconductor package similar to what
is called a TO3P package.
In the bidirectional switch module in FIG.4, the metal base

and the diode are connected on the surface of the cathode

connected on the surface of the drain electrode D. Moreover,

base plates is seen from the side of the semiconductor ele
ments, with a sealing resin being omitted. Further, as the

65

As is apparent from FIG. 2, the bidirectional switch is
provided with X and Y terminals to be current path terminals
and G1, G2 and COM terminals for controlling the semicon
ductor switches Q1 and Q2. Accordingly, as shown in FIG. 4.
the first metal base plate 101 having the potential correspond
ing to the node N1 has the X terminal extended from the chip
mounting base, and the second metal base plate 102 having
the potential corresponding to the node N2 has the Y terminal

US 8,039,954 B2
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elements can be directly diffused to metal base plates, and
accordingly, the heat dissipation characteristics are
improved, and thus, the reliability of semiconductor elements
can be improved. Moreover, in the present embodiment, dif

7
extended from the chip mounting base. Since G1, G2 and
COM terminals are not connected to the junction electrode,
lead terminals to be G1 terminal, G2 terminal and COM

terminal are independently provided separately from the
metal base plates.
FIG. 5 is a diagram schematically showing the cross sec
tion of the second semiconductor Switch Q2 and the second
diode Di2 mounted on the second metal base plate 102 in FIG.

ferent from other embodiments to be described later, the E
electrodes of the first semiconductor switch and the second

semiconductor Switch can be connected in common, and

4.

Next, the wiring in the bidirectional switch module will be
described. Since the junction electrode of the semiconductor
element is jointed and connected to the corresponding metal
base plate, the wiring connection of the non-junction elec
trodes will be mainly described.
In FIG.4, on the first metal base plate 101 corresponding to
the node N1, the first semiconductor switch Q1 and the first
diode Di1 are mounted via junction electrodes, respectively.
Also, the A (anode) electrode of the first diode Di1 is con
nected to the E (emitter) electrode of the first semiconductor
switch Q1 by a metal thin wire (wire) 130 by use of, for
example, the pressure bonding method (bonding or connec
tion by bump), and further, the E (emitter) electrode of the
first semiconductor switch Q1 is connected to the COM ter
minal by a metal thin wire 130. Furthermore, the G (gate)
electrode of the first semiconductor switch Q1 is connected to
the G1 terminal by a metal thin wire 130.
Similarly, on the second metal base plate 102 correspond
ing to the node N2, the second semiconductor Switch Q2 and
the second diode Di2 are mounted via junction electrodes.
Also, the A electrode of the second diode Dig is connected to
the E electrode of the second semiconductor switch Q2 by a
metal thin wire (wire) 130, and further, the E electrode of the
second semiconductor switch Q2 is connected to the COM
terminal by a metal thin wire 130. Furthermore, the G (gate)
electrode of the second semiconductor switch Q2 is con
nected to the G2 terminal by a metal thin wire 130.
By the connection mentioned above, the circuit of the
bidirectional switch shown in FIG. 2 is configured. After a
plurality of semiconductor elements are connected by wires,
sealing is made by a resin with high heat conductivity (not
shown), thereby completing the bidirectional switch module.
Meanwhile, since the Surface opposite to the semiconduc
tor element mounting Surface of the metal base plate is to be
a contact Surface in the attachment to a heat dissipation fin, an
insulating film is thinly formed on this surface in Some cases.

10

15

semiconductor module.
Second Embodiment

Next, the bidirectional Switch shown in FIG. 1B will be
described.
25

30

35

module can be achieved. Further, the number of metal base

plates can be optimized. Furthermore, since the insulating
Substrate is not used, the heat generated in semiconductor

FIG. 6 is a diagram showing the circuit of the bidirectional
switch according to the second embodiment, in which FIG.
1B is shown again.
As shown in FIG. 6, in the bidirectional switch according to
the present embodiment, between the X and Y terminals, the
first semiconductor switch Q1 on the X terminal side and the
second semiconductor Switch Q2 are disposed in the inverse
series connection by their collector electrodes C, and the first
diode Di1 and the second diode Di2 are disposed in the
inverse-parallel connection with the semiconductor Switches
Q1 and Q2, respectively.
In order to control the semiconductor Switches, the Gelec

trode of the first semiconductor switch Q1 and the Gelectrode
of the second semiconductor switch Q2 are extended to the
outside and connected to a G1 terminal and a G2 terminal,
40

respectively. Note that, in the present embodiment, since the
E electrodes of the semiconductor switches Q1 and Q2 have
the same potentials as those of the X terminal and the Y
terminal, respectively, any independent terminal is not pro
vided for the E electrodes.

45

Therefore, it is needless to mention that, when the bidirec

tional Switch module is sealed by a resin, not only the semi
conductor element mounting Surface side but also the heat
dissipation fin attachment Surface side may be thinly covered
with the resin. Of course, the thickness of the insulating film
made of the resin is set to a specified thickness in consider
ation of the potential of the metal base plate and the heat
conductivity.
As described above, in the present embodiment, without
using any wiring layer having a wiring pattern formed thereon
and any insulating Substrate insulating the metal base plate
and the wiring layer, the semiconductor elements constituting
the bidirectional Switch circuit and havingjunction electrodes
(for example, K electrode, D electrode, C electrode) of the
same potential connected to each of the nodes (nodes N1 and
N2 in the present embodiment) are directly mounted on the
respective metal base plates corresponding to each of the
nodes, thereby constituting the bidirectional switch module.
Accordingly, the cost reduction of the bidirectional switch

accordingly, there is an advantage that a control circuit (not
shown) for controlling the first semiconductor switch and the
second semiconductor Switch can be simplified.
Note that, in the bidirectional switch module according to
the present embodiment, an attachment hole 137 to be used
when attaching the bidirectional switch module to, for
example, a heat dissipation fin (not shown) is provided.
Although the number of the holes is one in this case, the
present invention is not limited to this, and for example, four
attachment holes may be provided at the four corners of the

As is apparent from FIG. 2 and FIG. 6, the bidirectional
Switch according to the present embodiment is a circuit in
which the directions of the semiconductor elements in the

50

bidirectional switch according to the first embodiment are
inverted. Accordingly, the junction electrodes of the semicon
ductor elements constituting the bidirectional switch circuit
are not connected to the node N1 and the node N2. On the

other hand, the junction electrodes of the C electrodes of the
first and second semiconductor Switches and the Kelectrodes
of the first and second diodes are connected to the node N12.
55

More specifically, according to the present embodiment, the
node N1 and the node N2 do not have the metal base plate, and
the node N12 has the metal base plate. In other words, in the
present embodiment, the number of the metal base plates is
OC.

60

Next, the principal part of the second embodiment accord
ing to the present invention will be described.
FIG. 7 is a configuration diagram showing a principal part
of the bidirectional switch module according to the second

65

which semiconductor elements are mounted on one metal

embodiment. In FIG. 7, a bidirectional switch module in

base plate is seen from the side of the semiconductor ele
ments, with a sealing resin being omitted.

US 8,039,954 B2
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and consequently, the heat dissipation characteristics can be
improved. Accordingly, the reliability of the semiconductor
elements can be improved.

In the bidirectional switch module in FIG. 7, the metal base

plate includes only a third metal base plate 112 that mounts
semiconductor elements whose junction electrodes are
arranged on the side of the node N12 and has a potential
corresponding to the node N12. Note that, since no semicon
ductor element whose junction electrode is arranged on the

Third Embodiment

Next, the bidirectional Switch shown in FIG. 1C will be

side of the nodes is connected to the node N1 and the node N2,

no metal base plate having corresponding potential is present.
Specifically, the first semiconductor switch Q1, the second
semiconductor switch Q2, the first diode Di1, and the second
diode Di2 are mounted on the third metal base plate 112.
As is apparent from FIG. 7, the bidirectional switch is
provided with X and Y terminals to be current path terminals
and G1 and G2 terminals for controlling the semiconductor
switches Q1 and Q2. However, the nodes N1 and N2 corre
sponding to the X and Y terminals do not have a junction
electrode. Accordingly, in the present embodiment, as shown

described.
10

15

in FIG. 7, lead terminals to be an X terminal, a Y terminal, a

G1 terminal and a G2 terminal are independently provided
separately from the metal base plate.
Next, the wiring in the bidirectional switch module will be
described. Since the junction electrode of the semiconductor
element is jointed and connected to the corresponding metal
base plate, the wiring connection of the non-junction elec
trodes will be mainly described.
In FIG. 7, on the third metal base plate 112 corresponding
to the node N12, the first semiconductor switch Q1, the sec
ond semiconductor switch Q2, the first diode Di1 and the
second diode Di2 are mounted via junction electrodes,
respectively. Also, the A electrode of the first diode Di1 is

In order to control the semiconductor Switches, the Gelec
25
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connected to the E electrode of the first semiconductor Switch

Q1 by a metal thin wire 130, and further, the E electrode of the
first semiconductor switch Q1 is connected to the X terminal
by a metal thin wire 130. Furthermore, the G electrode of the
first semiconductor switch Q1 is connected to the G1 terminal
by a metal thin wire 130.
Similarly, the A electrode of the second diode Di2 is con
nected to the E electrode of the second semiconductor Switch

Q2 by a metal thin wire 130, and further, the E electrode of the
second semiconductor switch Q2 is connected to the Y ter
minal by a metal thin wire 130. Furthermore, the Gelectrode
of the second semiconductor switch Q2 is connected to the G2
terminal by a metal thin wire 130.
By the connection mentioned above, the circuit of the
bidirectional switch shown in FIG. 6 is configured. After a
plurality of semiconductor elements are connected by wires,
sealing is made by a resin with high heat conductivity (not
shown), thereby completing the bidirectional switch module.
As described above, also in the present embodiment, with
out using any wiring layer having a wiring pattern formed
thereon and any insulating Substrate insulating the metal base
plate and the wiring layer, the semiconductor elements having
junction electrodes (for example, Kelectrode, D electrode, C
electrode) of the same potential connected to the node N12
are directly mounted on the metal base plate corresponding to
the node N12, thereby constituting the bidirectional switch
module. Accordingly, the cost reduction of the bidirectional
switch module can beachieved. Further, the number of metal

base plates can be optimized. In particular, it is clear in
comparison with other embodiments that the present embodi
ment is the only one where the number of metal base plates
can be one, and accordingly there is an advantage that the
structure can be simplified. Furthermore, since the insulating
Substrate is not used, the heat generated in semiconductor
elements can be directly dissipated to the metal base plate,

FIG. 8 is a diagram showing the circuit of the bidirectional
switch according to the second embodiment, in which FIG.
1C is shown again.
As shown in FIG. 8, in the bidirectional switch according to
the present embodiment, between the X and Y terminals, the
first semiconductor switch Q1 having the collector electrode
C on the X terminal side is disposed in the normal-series
connection with the first diode Di1 by the emitter electrode E
thereof. Also, with the inverse polarity to this, the second
semiconductor switch Q2 having the collector electrode C on
the Y terminal side is disposed in the normal-series connec
tion with the second diode Di2 by the emitter electrode E
thereof. Further, the second semiconductor switch Q2 and the
second diode Di2 are connected in parallel to the first semi
conductor switch Q1 and the first diode Di1.
trode of the first semiconductor switch Q1 and the Gelectrode
of the second semiconductor switch Q2 are extended to the
outside and connected to a G1 terminal and a G2 terminal,
respectively.
Here, the operation of the bidirectional switch according to
the present embodiment will be briefly described. When a
current is supplied from the X terminal to the Y terminal, a
switch drive signal (not shown) is given to the G1 terminal
and the first semiconductor switch Q1 is turned on. Then, the
current flows from the X terminal to the first semiconductor
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switch Q1 and to the first diode Di1, and is outputted from the
Y terminal. On the contrary, when a current is supplied from
the Y terminal to the X terminal, a switch drive signal (not
shown) is given to the G2 terminal and the second semicon
ductor switch Q2 is turned on. Then, the current flows from
the Y terminal to the second semiconductor switch Q2 and to
the second diode Di2, and is outputted from the X terminal. In
this manner, the Switch operation is carried out bidirection
ally.
In order to apply the present embodiment, the circuit char
acteristics of the bidirectional switch in FIG.8 will be exam

ined. The bidirectional switch has four nodes, that is, the node
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N1 also functioning as the X terminal, the node N2 also
functioning as the Y terminal, the node N12a serving as the
connection point of the first semiconductor switch Q1 and the
first diode, and the node N12b serving as the connection point
of the second semiconductor switch Q2 and the second diode.
Of these nodes, the nodes N12a and N12b do not have a

55
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junction electrode, but the node N1 is provided with the
junction electrodes of the Celectrode of the first semiconduc
tor switch Q1 and the K electrode of the second diode Di2.
and the node N2 is provided with the junction electrodes of
the C electrode of the second semiconductor switch Q2 and
the K electrode of the first diode Di1. More specifically, the
bidirectional Switch according to the present embodiment has
a first metal base plate 101 corresponding to the node N1 and
a second metal base plate 102 corresponding to the node N2.
Next, the principal part of the third embodiment according
to the present invention will be described.
FIG. 9 is a configuration diagram showing a principal part
of the bidirectional switch module according to the third
embodiment. In FIG. 9, a bidirectional switch module in
which semiconductor elements are mounted on two metal

US 8,039,954 B2
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base plates is seen from the side of the semiconductor ele
ments, with a sealing resin being omitted.

12
switch module. Accordingly, the cost reduction of the bidi
rectional switch module can beachieved. Further, the number

In the bidirectional switch module in FIG.9, the metal base

plates include the first metal base plate 101 that mounts semi
conductor elements whose junction electrodes are arranged
on the side of the node N1 and has the potential corresponding
to the node N1, and the second metal base plate 102 that
mounts semiconductor elements whose junction electrodes
are arranged on the side of the node N2 and has the potential
corresponding to the node N2. Note that, since no semicon
ductor element whose junction electrode is arranged on the

of metal base plates can be optimized. Furthermore, since the
insulating Substrate is not used, the heat generated in the
semiconductor elements can be directly dissipated to the
metal base plates, and consequently, the heat dissipation char
acteristics can be improved. Accordingly, the reliability of the
semiconductor elements can be improved.
10

side of the nodes is connected to the nodes N12a and N12b, no

metal base plate having the corresponding potential is
present.

Specifically, the first semiconductor switch Q1 and the
second diode Di2 are mounted on the first metal base plate
101, and the second semiconductor switch Q2 and the first
diode Di1 are mounted on the second metal base plate 102.
As is apparent from FIG. 9, the bidirectional switch is
provided with X and Y terminals to be current path terminals
and G1 and G2 terminals for controlling the semiconductor
switches Q1 and Q2. Accordingly, as shown in FIG.9, the first
metal base plate 101 having the potential corresponding to the
node N1 has the X terminal extended from the chip mounting
base, and the second metal base plate 102 having the potential
corresponding to the node N2 has the Y terminal extended
from the chip mounting base. Since the G1 and G2 terminals
are not connected to the junction electrode, lead terminals to
be the G1 terminal and the G2 terminal are independently
provided separately from the metal base plates.
Next, the wiring in the bidirectional switch module will be
described. Since the junction electrode of the semiconductor
element is jointed and connected to the corresponding metal
base plate, the wiring connection of the non-junction elec
trodes will be mainly described.
In FIG.9, on the first metal base plate 101 corresponding to
the node N1, the first semiconductor switch Q1 and the sec
ond diode Di2 are mounted via junction electrodes, respec
tively. Also, on the second metal base plate 102 correspond
ing to the node N2, the second semiconductor Switch Q2 and
the first diode Di1 are mounted via junction electrodes,
respectively. Further, the A electrode of the second diode Di2

15

according to the fourth embodiment, and FIG. 10B shows the
circuit of the bidirectional switch according to the third
embodiment for comparison.
As shown in FIG. 10A, in the bidirectional Switch accord
25

30

ing to the present embodiment, between the X and Y termi
nals, the first diode Di1 having an A electrode on the X
terminal side is disposed in the normal-series connection with
the first semiconductor switch Q1 by the K electrode side
thereof, and a fifth diode DiS is disposed in the inverse
parallel connection with the first semiconductor switch Q1.
Also, with the inverse polarity to this, the second diode Di2
having an A electrode on the Y terminal side is disposed in the
normal-series connection with the second semiconductor
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switch Q2 by the Kelectrode side thereof, and a sixth diode
Dió is disposed in the inverse-parallel connection with the
second semiconductor switch Q2. Further, the second diode
Di2, the second semiconductor switch Q2 and the sixth diode
Dió are connected in parallel to the first diode Di1, the first
semiconductor switch Q1 and the fifth diode DiS.
In order to control the semiconductor Switches, the Gelec

40

trode of the first semiconductor switch Q1 and the Gelectrode
of the second semiconductor switch Q2 are extended to the

45

respectively. Note that, in the present embodiment, since the
X terminal and the Y terminal also functioning as the nodes
N1 and N2 do not have a junction electrode, different from the
third embodiment, independent terminals are provided for the

outside, and connected to a G1 terminal and a G2 terminal,

X terminal and the Y terminal.

thin wire 130. Furthermore, the Gelectrodes of the first semi

conductor Switch Q1 and the second semiconductor Switch
Q2 are connected to the G1 and G2 terminals by metal thin
wires 130, respectively.
By the connection mentioned above, the circuit of the
bidirectional switch shown in FIG. 8 is configured. After a
plurality of semiconductor elements are connected by wires,
sealing is made by a resin with high heat conductivity (not
shown), thereby completing the bidirectional switch module.
As described above, also in the present embodiment, with
out using any wiring layer having a wiring pattern formed
thereon and any insulating Substrate insulating the metal base
plate and the wiring layer, the semiconductor elements having
junction electrodes (for example, Kelectrode, D electrode, C
electrode) of the same potential connected to the node N1 are
directly mounted on the first metal base plate corresponding
to the node N1, and the semiconductor elements having junc
tion electrodes (for example, K electrode, D electrode, C
electrode) of the same potential connected to the node N2 are
directly mounted on the second metal base plate correspond
ing to the node N2, thereby constituting the bidirectional

In the bidirectional switch according to the third embodi
ment, the nodes N1 and N2 have junction electrodes, and the
nodes N12a and N12b do not have the junction electrode.
However, the circuit may be modified so that the nodes N12a
and N12b have the junction electrodes. This modified circuit
is shown in FIG. 10A.
FIG. 10A shows the circuit of a bidirectional switch

is connected to the E electrode of the second semiconductor

switch Q2 via the wiring plate 132 by a metal thin wire 130,
and the E electrode of the first semiconductor switch Q1 is
connected to the A electrode of the first diode Di1 by a metal

Fourth Embodiment
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Herein, the operation of the bidirectional switch according
to the present embodiment will be briefly described. When a
current is supplied from the X terminal to the Y terminal, a
Switch drive signal (not shown) is given to the G1 terminal
and the first semiconductor switch Q1 is turned on. Then, the
current flows from the X terminal to the first diode Di1 and to

55

the first semiconductor switch Q1, and is outputted from the
Y terminal. On the contrary, when a current is supplied from
the Y terminal to the X terminal, a switch drive signal (not
shown) is given to the G2 terminal and the second semicon
ductor switch Q2 is turned on. Then, the current flows from
the Y terminal to the second diode Di2 and to the second

60

semiconductor switch Q2, and is outputted from the X termi
nal. In this manner, the Switch operation is carried out bidi
rectionally. Note that, different from the third embodiment,
diodes are not inserted in series to the E electrodes of the first

65

semiconductor Switch Q1 and the second semiconductor
Switch Q2 in the present embodiment, and accordingly, for
the purpose of protection of the respective semiconductor
switches, the fifth diode DiS and the sixth diode Dió are

disposed in the inverse-parallel connection.
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connected to the Y terminal also functioning as a wiring plate
by a metal thin wire 130. Similarly, on the third-b metal base
plate 112b corresponding to the node N12b, the second semi
conductor switch Q2, the sixth diode Dió and the second
diode Di2 are mounted via junction electrodes, respectively.

13
In order to apply the present embodiment, the circuit char
acteristics of the bidirectional switch in FIG. 10A will be

examined. The bidirectional switch has four nodes, that is, the

node N1 also functioning as the X terminal, the node N2 also
functioning as the Y terminal, the node N12a serving as the
connection point of the first diode Di1, the first semiconduc
tor switch Q1 and the fifth diode DiS, and the node N12b
serving as the connection point of the second semiconductor
switch Q2, the second diode Di2 and the sixth diode Dió. Of
these nodes, the nodes N1 and N2 do not have a junction
electrode, but the node N12a is provided with the junction

Also, the A electrode of the second diode Di2 is connected to

the Y terminal also functioning as a wiring plate by a metal
thin wire 130. Further, the G electrode of the second semi
10

electrodes of the Celectrode of the first semiconductor Switch

130.
15

switch Q2 and the Kelectrodes of the sixth diode Dió and the
second diode Di2. More specifically, the bidirectional switch
according to the present embodiment has a third-a metal base
plate 112a corresponding to the node N12a and a third-b
metal base plate 112b corresponding to the node N12b.
Next, the principal part of the fourth embodiment accord
ing to the present invention will be described.
FIG.11 is a configuration diagram showing a principal part
of the bidirectional switch module according to the fourth
embodiment. In FIG. 11, a bidirectional Switch module in

25

which semiconductor elements are mounted on two metal

base plates is seen from the side of the semiconductor ele
ments, with a sealing resin being omitted.
In the bidirectional switch module in FIG. 11, the metal

base plates include the third-a metal base plate 112a that
mounts semiconductor elements whose junction electrodes
are arranged on the side of the node N12a and has the poten
tial corresponding to the node N12a, and the third-b metal
base plate 112b that mounts semiconductor elements whose
junction electrodes are arranged on the side of the node N12b
and has the potential corresponding to the node N12b. Note
that, since no semiconductor element whose junction elec
trode is arranged on the side of the nodes is connected to the
nodes N1 and N2, no metal base plate having the correspond
ing potential is present.
Specifically, the first semiconductor switch Q1, the fifth

metal thin wire 130, and the E electrode thereof is connected

to the A electrode of the sixth diode Dió by a metal thin wire
130 and also connected to the X terminal by a metal thin wire

Q1 and the K electrodes of the fifth diode DiS and the first
diode Di1, and the node N12b is provided with the junction
electrodes of the C electrode of the second semiconductor

conductor switch Q2 is connected to the G2 terminal by a

30

By the connection mentioned above, the circuit of the
bidirectional switch shown in FIG. 10A is configured. After a
plurality of semiconductor elements are connected by wires,
sealing is made by a resin with high heat conductivity (not
shown), thereby completing the bidirectional switch module.
As described above, also in the present embodiment, with
out using any wiring layer having a wiring pattern formed
thereon and any insulating Substrate insulating the metal base
plate and the wiring layer, the semiconductor elements having
junction electrodes (for example, Kelectrode, D electrode, C
electrode) of the same potential connected to the node N12a
are directly mounted on the third-a metal base plate corre
sponding to the node N12a, and the semiconductor elements
having junction electrodes (for example, Kelectrode, D elec
trode, C electrode) of the same potential connected to the
node N12b are directly mounted on the third-b metal base
plate corresponding to the node N12b, thereby constituting
the bidirectional switch module. Accordingly, the cost reduc
tion of the bidirectional switch module can be achieved. Fur

35

ther, the number of metal base plates can be optimized. Fur
thermore, since the insulating Substrate is not used, the heat
generated in the semiconductor elements can be directly dis
sipated to the metal base plates, and consequently, the heat
dissipation characteristics can be improved. Accordingly, the
reliability of the semiconductor elements can be improved.

40

Fifth Embodiment

diode DiS and the first diode Di1 are mounted on the third-a

metal base plate 112a, and the second semiconductor Switch
Q2, the sixth diode Dib and the second diode Di2 are mounted
on the third-b metal base plate 112b.
As is apparent from FIG. 11, the bidirectional switch is
provided with X and Y terminals to be current path terminals
and G1 and G2 terminals for controlling the semiconductor
switches Q1 and Q2. However, in the present embodiment,
since both the nodes N1 and N2 do not have a junction

Next, the bidirectional switch shown in FIG. 1D will be
described.
45

50

ment are inverted. That is, between the X and Y terminals, the
55

switch Q1 is connected to the G1 terminal by a metal thin wire
trode of the fifth diode DiS by a metal thin wire 130 and also

first semiconductor switch Q1 having the E electrode on the X
terminal side is disposed in the normal-series connection with
the first diode Di1 by the C electrode thereof. Also, with the
inverse polarity to this, the second semiconductor Switch Q2
having the E electrode on the Y terminal side is disposed in the
normal-series connection with the second diode Di2 by the C
electrode thereof. Further, the second semiconductor Switch

60

Q2 and the second diode Di2 are connected in parallel to the
first semiconductor switch Q1 and the first diode Di1.
In order to control the semiconductor Switches, the Gelec

trode of the first semiconductor switch Q1 and the Gelectrode
of the second semiconductor switch Q2 are extended to the

wire 130. Further, the G electrode of the first semiconductor
130, and the E electrode thereof is connected to the A elec

in which the directions of the semiconductor elements in the

bidirectional switch circuit according to the third embodi

electrode, similar to the G1 terminal and the G2 terminal, lead

terminals are independently provided for the X terminal and
the Y terminal, respectively.
Next, the wiring in the bidirectional switch module will be
described. Since the junction electrode of the semiconductor
element is jointed and connected to the corresponding metal
base plate, the wiring connection of the non-junction elec
trodes will be mainly described.
In FIG. 11, on the third-a metal base plate 112a corre
sponding to the node N12a, the first semiconductor switch
Q1, the fifth diode DiS and the first diode Di1 are mounted via
junction electrodes, respectively. Also, the A electrode of the
first diode Di1 is connected to the X terminal by a metal thin

FIG. 12 is a diagram showing the circuit of the bidirectional
switch according to the fifth embodiment, in which FIG. 1D
is shown again.
As shown in FIG. 12, the bidirectional switch according to
the present embodiment is a circuit having the configuration
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outside, and connected to a G1 terminal and a G2 terminal,

respectively. Note that, in the present embodiment, since the
X terminal and the Y terminal also functioning as the nodes

US 8,039,954 B2
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N1 and N2 do not have a junction electrode, independent
terminals are provided for the X terminal and the Y terminal.
Herein, the operation of the bidirectional switch according
to the present embodiment will be briefly described. When a
current is supplied from the X terminal to the Y terminal, a
Switch drive signal (not shown) is given to the G2 terminal
and the second semiconductor Switch Q2 is turned on. Then,

16
electrode, similar to the G1 terminal and the G2 terminal, lead

the current flows from the Xterminal to the second diode Di2

and to the second semiconductor Switch Q2, and is outputted
from the Y terminal. On the contrary, when a current is Sup
plied from the Y terminal to the X terminal, a switch drive
signal (not shown) is given to the G1 terminal and the first
semiconductor switch Q1 is turned on. Then, the current
flows from the Y terminal to the first diode Di1 and to the first

semiconductor switch Q1, and is outputted from the X termi
nal. In this manner, the Switch operation is carried out bidi
rectionally.
In order to apply the present embodiment, the circuit char

10

15

acteristics of the bidirectional Switch in FIG. 12 will be exam

ined. The bidirectional switch has four nodes, that is, the node

N1 also functioning as the X terminal, the node N2 also
functioning as the Y terminal, the node N12a serving as the
connection point of the first semiconductor switch Q1 and the
first diode Di1, and the node N12b serving as the connection
point of the second diode Dig and the second semiconductor
switch Q2. Of these nodes, the nodes N1 and N2 do not have
a junction electrode, but the node N12a is provided with the
junction electrodes of the Celectrode of the first semiconduc
tor switch Q1 and the K electrode of the first diode Di1, and
the node N12b is provided with the junction electrodes of the
Celectrode of the second semiconductor switch Q2 and the K
electrode of the second diode Di2. More specifically, the
bidirectional Switch according to the present embodiment has
a third-a metal base plate 112a corresponding to the node
N12a and a third-b metal base plate 112b corresponding to the

a metal thin wire 130, and the E electrode thereofisconnected
25
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embodiment. In FIG. 13, a bidirectional Switch module in
which semiconductor elements are mounted on two metal

base plates is seen from the side of the semiconductor ele
ments, with a sealing resin being omitted.

45

In the bidirectional switch module in FIG. 13, the metal

base plates include the third-a metal base plate 112a that
mounts semiconductor elements whose junction electrodes
are arranged on the side of the node N12a and has the poten
tial corresponding to the node N12a, and the third-b metal
base plate 112b that mounts semiconductor elements whose
junction electrodes are arranged on the side of the node N12b
and has the potential corresponding to the node N12b. Note
that, since no semiconductor element whose junction elec
trode is arranged on the side of the nodes is connected to the
nodes N1 and N2, no metal base plate having the correspond
ing potential is present.
Specifically, the first semiconductor switch Q1 and the first
diode Di1 are mounted on the third-a metal base plate 112a,
and the second semiconductor Switch Q2 and the second
diode Di2 are mounted on the third-b metal base plate 112b.
As is apparent from FIG. 13, the bidirectional switch is
provided with X and Y terminals to be current path terminals
and G1 and G2 terminals for controlling the semiconductor
switches Q1 and Q2. However, in the present embodiment,
since both the nodes N1 and N2 do not have a junction

to the Y terminal also functioning as a wiring plate by a metal
thin wire 130.

node N12b.

Next, the principal part of the fifth embodiment according
to the present invention will be described.
FIG. 13 is a configuration diagram showing a principal part
of the bidirectional switch module according to the fifth

terminals are independently provided for the X terminal and
the Y terminal, respectively.
Next, the wiring in the bidirectional switch module will be
described. Since the junction electrode of the semiconductor
element is jointed and connected to the corresponding metal
base plate, the wiring connection of the non-junction elec
trodes will be mainly described.
In FIG. 13, on the third-a metal base plate 112a corre
sponding to the node N12a, the first semiconductor switch Q1
and the first diode Di1 are mounted via junction electrodes,
respectively. Also, on the third-b metal base plate 112b cor
responding to the node N12b, the second semiconductor
switch Q2 and the second diode Di2 are mounted viajunction
electrodes, respectively. Further, the A electrode of the first
diode Di1 is connected to the Y terminal also functioning as a
wiring plate by a metal thin wire 130. Also, the Gelectrode of
the first semiconductor switch Q1 is connected to the G1
terminal by a metal thin wire 130, and the E electrode thereof
is connected to the A electrode of the second diode Di2 by a
metal thin wire 130 and also connected to the X terminal by a
metal thin wire 130. Similarly, the G electrode of the second
semiconductor switch Q2 is connected to the G2 terminal by

50

By the connection mentioned above, the circuit of the
bidirectional switch shown in FIG. 12 is configured. After a
plurality of semiconductor elements are connected by wires,
sealing is made by a resin with high heat conductivity (not
shown), thereby completing the bidirectional switch module.
As described above, also in the present embodiment, with
out using any wiring layer having a wiring pattern formed
thereon and any insulating Substrate insulating the metal base
plate and the wiring layer, the semiconductor elements having
junction electrodes (for example, Kelectrode, D electrode, C
electrode) of the same potential connected to the node N12a
are directly mounted on the third-a metal base plate corre
sponding to the node N12a, and the semiconductor elements
having junction electrodes (for example, Kelectrode, D elec
trode, C electrode) of the same potential connected to the
node N12b are directly mounted on the third-b metal base
plate corresponding to the node N12b, thereby constituting
the bidirectional Switch module. Accordingly, the cost reduc
tion of the bidirectional switch module can be achieved. Fur

ther, the number of metal base plates can be optimized. Fur
thermore, since the insulating Substrate is not used, the heat
generated in the semiconductor elements can be directly dis
sipated to the metal base plates, and consequently, the heat
dissipation characteristics can be improved. Accordingly, the
reliability of the semiconductor elements can be improved.
What is claimed is:

55

1. Abidirectional switch module including a bidirectional
switch circuit in which a plurality of semiconductor elements
are combined and in which a current can flow bidirectionally
from a first terminal to a second terminal and from the second

terminal to the first terminal, the bidirectional Switch module

comprising:
a first metal base plate serving as a heat dissipation plate

60

and connected to the first terminal;

a second metal base plate serving as a heat dissipation plate
and connected to the second terminal;
65

a first semiconductor switch element provided on a first
semiconductor chip having a pair of Surfaces, including
a first electrode provided on one surface of the first
semiconductor chip and connected to the first terminal, a
second electrode provided on other surface of the first

US 8,039,954 B2
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semiconductor chip and serving as a current path to the
first electrode, and a third electrode provided on the
other Surface of the first semiconductor chip and con
trolling a current between the first electrode and the

18
trode, and provided so that a surface of the first electrode
and a surface of the first metal base plate are connected
to each other;

a first diode element provided on the second semiconduc
tor chip, including a first cathode electrode provided on
one surface of the second semiconductor chip, and a first
anode electrode provided on other surface of the second
semiconductor chip, and provided so that a surface of the

second electrode, and mounted on the first metal base

plate so that the first electrode and the first metal base
plate face each other,
a first diode element provided on a second semiconductor
chip having a pair of Surfaces, including a first cathode
electrode provided on one surface of the second semi
conductor chip and connected to the first terminal, and a
first anode electrode provided on other surface of the
second semiconductor chip, and mounted on the first
metal base plate so that the first cathode electrode and
the first metal base plate face each other;
a second semiconductor Switchelement provided on a third
semiconductor chip having a pair of Surfaces, including
a fourth electrode provided on one surface of the third
semiconductor chip and connected to the second termi
nal, a fifth electrode provided on other surface of the
third semiconductor chip and serving as a current path to
the fourth electrode, and a sixth electrode provided on
the other surface of the third semiconductor chip and
controlling a current between the fourth electrode and

first cathode electrode and the surface of the first metal
10

15

fourth electrode and a surface of the second metal base

25

the fifth electrode, and mounted on the second metal

base plate so that the fourth electrode and the second
metal base plate face each other,
a second diode element provided on a fourth semiconduc
tor chip having a pair of Surfaces, including a second
cathode electrode provided on one surface of the fourth
semiconductor chip and connected to the second termi
nal, and a second anode electrode provided on other
Surface of the fourth semiconductor chip, and mounted
on the second metal base plate so that the second cathode
electrode and the second metal base plate face each

surface of the second cathode electrode and the surface
30
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trode, the second anode electrode, the second electrode, and

50

trode, the second anode electrode, the second electrode, and

the fifth electrode respectively are comprised of metal thin
wires.

5. The bidirectional switch module according to claim 3,
wherein the wires electrically connecting the first anode elec

connected to the first terminal;
55

trode, the second anode electrode, the second electrode, and

the fifth electrode respectively are comprised of metal thin
wires.

connected to the second terminal;

current between the first electrode and the second elec

3. The bidirectional switch module according to claim 2,
including wires electrically connecting the first anode elec
the fifth electrode respectively.
4. The bidirectional switch module according to claim 1,
wherein the wires electrically connecting the first anode elec

terminal to the first terminal, the bidirectional Switch module

a first semiconductor switch element provided on the first
semiconductor chip, including a first electrode provided
on one Surface of the first semiconductor chip, a second
electrode provided on other surface of the first semicon
ductor chip and serving as a current path to the first
electrode, and a third electrode provided on the other
Surface of the first semiconductor chip and controlling a

terminal, the current flows through the second metal
base plate, the second semiconductor Switch element,
the first diode element, and the first metal base plate by
Supplying a second drive signal to the second control
terminal.

from a first terminal to a second terminal and from the second

a second metal base plate including a third semiconductor
chip and a fourth semiconductor chip mounted thereon,
having an area wider than a total area of the third semi
conductor chip and the fourth semiconductor chip, and

second terminal, the current flows through the first metal
base plate, the first semiconductor switch element, the
second diode element, and the second metal base plate
by Supplying a first drive signal to the first control ter
minal, and

second anode electrode, the second electrode, and the

comprising:
a first metal base plate including a first semiconductor chip
and a second semiconductor chip mounted thereon, hav
ing an area wider than a total area of the first semicon
ductor chip and the second semiconductor chip, and

other;
a first control terminal connected to the third electrode; and
a second control terminal connected to the sixth electrode:
wherein, when a current flows from the first terminal to the

when a current flows from the second terminal to the first

wires electrically connecting the first anode electrode, the
fifth electrode, respectively.
2. Abidirectional switch module including a bidirectional
switch circuit in which a plurality of semiconductor elements
are combined and in which a current can flow bidirectionally

plate are connected to each other,
a second diode element provided on the fourth semicon
ductor chip, including a second cathode electrode pro
vided on one surface of the fourth semiconductor chip,
and a second anode electrode provided on other Surface
of the fourth semiconductor chip, and provided so that a
of the second metal base plate are connected to each

other;
a first control terminal connected to the third electrode:
a second control terminal connected to the sixth electrode:
and

base plate are connected to each other,
a second semiconductor Switch element provided on the
third semiconductor chip, including a fourth electrode
provided on one surface of the third semiconductor chip,
a fifth electrode provided on other surface of the third
semiconductor chip and serving as a current path to the
fourth electrode, and a sixth electrode provided on the
other surface of the third semiconductor chip and con
trolling a current between the fourth electrode and the
fifth electrode, and provided so that a surface of the

60
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6. The bidirectional switch module according to claim 1,
wherein the first metal base plate and the first terminal are one
metal plate constructed integrally, and the second metal base
plate and the second terminal are another metal plate con
structed integrally.
7. The bidirectional switch module according to claim 2,
wherein the first metal base plate and the first terminal are one
metal plate constructed integrally, and the second metal base
plate and the second terminal are another metal plate con
structed integrally.
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8. The bidirectional switch module according to claim 3,
wherein the first metal base plate and the first terminal are one
metal plate constructed integrally, and the second metal base
plate and the second terminal are another metal plate con
structed integrally.
9. The bidirectional switch module according to claim 4,
wherein the first metal base plate and the first terminal are one
metal plate constructed integrally, and the second metal base
plate and the second terminal are another metal plate con
structed integrally.
10. The bidirectional switch module according to claim 1,
wherein the first metal base plate and the first terminal are
metal plates continuously connected, and the second metal
base plate and the second terminal are other metal plates
continuously connected.
11. The bidirectional switch module according to claim 2,
wherein the first metal base plate and the first terminal are
metal plates continuously connected, and the second metal
base plate and the second terminal are other metal plates
continuously connected.
12. The bidirectional switch module according to claim 3,
wherein the first metal base plate and the first terminal are
metal plates continuously connected, and the second metal
base plate and the second terminal are other metal plates
continuously connected.
13. The bidirectional switch module according to claim 4,
wherein the first metal base plate and the first terminal are
metal plates continuously connected, and the second metal
base plate and the second terminal are other metal plates
continuously connected.
14. The bidirectional switch module according to claim 1,

20
24. The bidirectional switch module according to claim 5,
wherein the first semiconductor switch element and the sec

ond semiconductor switch element are comprised of IGBTs.
25. The bidirectional switch module according to claim 6,
wherein the first semiconductor switch element and the sec

ond semiconductor switch element are comprised of IGBTs.
26. The bidirectional switch module according to claim 1,
wherein the first semiconductor switch element and the sec

ond semiconductor Switch element are composed of bipolar
10

27. The bidirectional switch module according to claim 2,
wherein the first semiconductor switch element and the sec

ond semiconductor Switch element are composed of bipolar
transistors.
15

ond semiconductor Switch element are composed of bipolar
transistors.

29. The bidirectional switch module according to claim 4,
wherein the first semiconductor switch element and the sec

ond semiconductor Switch element are composed of bipolar
transistors.

30. The bidirectional switch module according to claim 5,
wherein the first semiconductor switch element and the sec
25

31. The bidirectional switch module according to claim 6,
wherein the first semiconductor switch element and the sec

ond semiconductor Switch element are composed of bipolar
30

transistors.

32. The bidirectional switch module according to claim 1,
wherein the first semiconductor switch element and the sec

ond semiconductor switch element are comprised of MOS
35

15. The bidirectional switch module according to claim 2,

FETs, the first electrode and the fourth electrode are drain
electrodes, the second electrode and the fifth electrode are
source electrodes, and the third electrode and the sixth elec

trode are gate electrodes.
33. The bidirectional switch module according to claim 2,

wherein the first semiconductor Switch element and the sec

ond semiconductor switch element are comprised of MOS

wherein the first semiconductor switch element and the sec

FETS.
40

wherein the first semiconductor Switch element and the sec

ond semiconductor switch element are comprised of MOS
FETs, the first electrode and the fourth electrode are drain
electrodes, the second electrode and the fifth electrode are
source electrodes, and the third electrode and the sixth elec

ond semiconductor switch element are comprised of MOS
FETS.

17. The bidirectional switch module according to claim 4,
wherein the first semiconductor Switch element and the sec

ond semiconductor Switch element are composed of bipolar
transistors.

ond semiconductor switch element are comprised of MOS

16. The bidirectional switch module according to claim 3,

28. The bidirectional switch module according to claim 3,
wherein the first semiconductor switch element and the sec

wherein the first semiconductor Switch element and the sec
FETS.

transistors.

45

trode are gate electrodes.
34. The bidirectional switch module according to claim 3,

ond semiconductor switch element are comprised of MOS

wherein the first semiconductor switch element and the sec

FETS.

ond semiconductor switch element are comprised of MOS

18. The bidirectional switch module according to claim 5,
wherein the first semiconductor Switch element and the sec

ond semiconductor switch element are comprised of MOS

50

FETs, the first electrode and the fourth electrode are drain
electrodes, the second electrode and the fifth electrode are
source electrodes, and the third electrode and the sixth elec

19. The bidirectional switch module according to claim 6,

trode are gate electrodes.
35. The bidirectional switch module according to claim 4,

wherein the first semiconductor Switch element and the sec

wherein the first semiconductor switch element and the sec

FETS.

ond semiconductor switch element are comprised of MOS

ond semiconductor switch element are comprised of MOS

wherein the first semiconductor Switch element and the sec

FETs, the first electrode and the fourth electrode are drain
electrodes, the second electrode and the fifth electrode are
source electrodes, and the third electrode and the sixth elec

ond semiconductor switch element are comprised of IGBTs.
21. The bidirectional switch module according to claim 2,

trode are gate electrodes.
36. The bidirectional switch module according to claim 5,

FETS.

55

20. The bidirectional switch module according to claim 1,
wherein the first semiconductor Switch element and the sec

60

FETs, the first electrode and the fourth electrode are drain
electrodes, the second electrode and the fifth electrode are
source electrodes, and the third electrode and the sixth elec

wherein the first semiconductor Switch element and the sec

ond semiconductor switch element are comprised of IGBTs.
23. The bidirectional switch module according to claim 4,

wherein the first semiconductor switch element and the sec

ond semiconductor switch element are comprised of MOS

ond semiconductor switch element are comprised of IGBTs.
22. The bidirectional switch module according to claim 3,
wherein the first semiconductor Switch element and the sec

trode are gate electrodes.
37. The bidirectional switch module according to claim 6,

ond semiconductor switch element are comprised of IGBTs.

wherein the first semiconductor switch element and the sec
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ond semiconductor switch element are comprised of MOS

22
ond semiconductor switch element are comprised of IGBTs,

FETs, the first electrode and the fourth electrode are drain
electrodes, the second electrode and the fifth electrode are
source electrodes, and the third electrode and the sixth elec

the first electrode and the fourth electrode are collector elec

trodes, the second electrode and the fifth electrode are emitter
electrodes, and the third electrode and the sixth electrode are

gate electrodes.
44. The bidirectional switch module according to claim 1,

trode are gate electrodes.
38. The bidirectional switch module according to claim 1,

wherein the first semiconductor switch element and the sec

wherein the first semiconductor Switch element and the sec

ond semiconductor Switch element are comprised of bipolar

ond semiconductor switch element are comprised of IGBTs,
the first electrode and the fourth electrode are collector elec

trodes, the second electrode and the fifth electrode are emitter
electrodes, and the third electrode and the sixth electrode are

10

electrode are emitter electrodes.

45. The bidirectional switch module according to claim 2,

gate electrodes.
39. The bidirectional switch module according to claim 2,
wherein the first semiconductor Switch element and the sec

transistors, the first electrode and the fourth electrode are
collector electrodes, and the second electrode and the fifth
wherein the first semiconductor switch element and the sec

ond semiconductor Switch element are comprised of bipolar

the first electrode and the fourth electrode are collector elec

transistors, the first electrode and the fourth electrode are
collector electrodes, and the second electrode and the fifth

trodes, the second electrode and the fifth electrode are emitter
electrodes, and the third electrode and the sixth electrode are

wherein the first semiconductor switch element and the sec

ond semiconductor switch element are comprised of IGBTs,

15

electrode are emitter electrodes.

46. The bidirectional switch module according to claim 3,

gate electrodes.
40. The bidirectional switch module according to claim 3,

ond semiconductor Switch element are comprised of bipolar
transistors, the first electrode and the fourth electrode are
collector electrodes, and the second electrode and the fifth

wherein the first semiconductor Switch element and the sec

ond semiconductor switch element are comprised of IGBTs,

electrode are emitter electrodes.

the first electrode and the fourth electrode are collector elec

trodes, the second electrode and the fifth electrode are emitter
electrodes, and the third electrode and the sixth electrode are

47. The bidirectional switch module according to claim 4,
25

ond semiconductor Switch element are comprised of bipolar

gate electrodes.
41. The bidirectional switch module according to claim 4,

transistors, the first electrode and the fourth electrode are
collector electrodes, and the second electrode and the fifth

wherein the first semiconductor Switch element and the sec

ond semiconductor switch element are comprised of IGBTs,
the first electrode and the fourth electrode are collector elec

trodes, the second electrode and the fifth electrode are emitter
electrodes, and the third electrode and the sixth electrode are
gate electrodes.
42. The bidirectional switch module according to claim 5,
wherein the first semiconductor Switch element and the sec

electrode are emitter electrodes.
30

ond semiconductor switch element are comprised of bipolar
transistors, the first electrode and the fourth electrode are
collector electrodes, and the second electrode and the fifth
35

wherein the first semiconductor Switch element and the sec

electrode are emitter electrodes.

49. The bidirectional switch module according to claim 6,

ond semiconductor switch element are comprised of IGBTs,
gate electrodes.
43. The bidirectional switch module according to claim 6,

48. The bidirectional switch module according to claim 5,
wherein the first semiconductor switch element and the sec

wherein the first semiconductor switch element and the sec

the first electrode and the fourth electrode are collector elec

trodes, the second electrode and the fifth electrode are emitter
electrodes, and the third electrode and the sixth electrode are

wherein the first semiconductor switch element and the sec

ond semiconductor Switch element are comprised of bipolar
40

transistors, the first electrode and the fourth electrode are
collector electrodes, and the second electrode and the fifth
electrode are emitter electrodes.
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k

k
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